Food challenges: Patient selection, predictors, component
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ABSTRACT

Background: Oral food challenges are commonly used when there is uncertainty based on a clinical history as to whether a
food allergy exists and to assess whether a food allergy has been outgrown.

Methods: A narrative review was performed, synthesizing available evidence in the literature.

Results: Because food challenges are generally multi-hour procedures that carry the risk for potentially severe allergic reac-
tions, careful patient selection is important. Allergy tests can provide additional supportive information to guide decision-
making but do not have sufficient diagnostic accuracy to replace food challenges in most circumstances.

Conclusion: Clinical history provides important clues with regard to the likelihood that a reaction may occur and should be
combined with patient and family preferences and allergy test results when making decisions about pursuing food challenges.

(J Food Allergy 5:38—-42, 2023; doi: 10.2500/jfa.2023.5.230010)

ral food challenges (OFC) play an important role

in the accurate diagnosis of food allergy."” Because
these procedures require time and effort, and carry risks
for severe allergic reactions,” careful selection of patients
and appropriate planning is necessary. A detailed clini-
cal history is an essential element for assessing whether
OFC may be indicated, and allergy testing can provide
additional evidence to support decision-making with
regard to OFCs.

PATIENT SELECTION

OFCs are generally pursued to establish the presence
of food allergy, either for initial diagnosis or to deter-
mine whether an allergy has been outgrown. The clini-
cal history can provide insight into the likelihood of
allergy (pretest probability); details include timing of
allergen exposure and symptom onset, quality and se-
verity symptoms, response to treatment, presence of
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cofactors, and when the most recent exposure was.? If
a clinical history demonstrates symptoms that are not
consistent with immunoglobulin E (IgE) mediated
allergy, then further evaluation is often not necessary.
When a clinical history is convincing of allergy (e.g.,
recent anaphylaxis within minutes of ingesting an
allergen; high pretest probability), then OFCs would
not be needed to confirm the allergy. OFCs provide
important diagnostic information for patients who
have no clinical history of reactivity and for those
whose clinical history is not clear-cut. In addition, OFCs
can be informative for families making decisions about
whether to start treatments, e.g., oral immunotherapy.

Additional considerations for pursuing OFCs include
patient and family preferences (Table 1). The specific
food allergen in question can influence decision-making,
such as the nutritional impact of the food and presence
(or absence) of the food in the family diet.? Some families
may also consider whether their child would cooperate
with OFC procedures, anxiety or apprehensions about
the procedure and its outcomes, and implications on
risk-taking behavior (e.g., intentional ingestion at home if
OFC is not performed). Other factors that must be con-
sidered, particularly in deciding when to schedule the
OFC, include the status of other atopic and medical con-
ditions because uncontrolled disorders may increase the
risk for a severe reaction if the OFC is positive (e.g.,
asthma) or complicate assessments during the OFC (e.g.,
active rhinitis, acute urticaria).

SKIN TESTING AND SERUM ALLERGEN-
SPECIFIC IgE

Skin prick testing (SPT) and serum specific IgE (sIgE)
testing are routine allergy tests available to provide sup-
porting information to the clinical history in making
decisions with regard to OFCs for IgE-mediated food
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Table 1 Considerations for pursuing OFC
Medical Factors

Patient and Family Factors

Reaction history (e.g.,
what food, how

Quality of life associated with
the inclusion/exclusion of

much, severity of the food
symptoms)

Time since the most Interest in adding food to the
recent the reaction diet

Presence of cofactors  Ability to cooperate with OFC
procedures

Anxiety or apprehensions
about the procedure/
outcomes

Risk-taking behavior (e.g.,
intentional ingestion at
home if OFC not offered)

Interest in starting treatment
for food allergy (e.g., OIT)

Nutritional impact of
the food to be
challenged

Status of other atopic
and medical
conditions

OFC = Oral food challenge; OIT = oral immunotherapy.

allergies. SPT and sIgE tests have high sensitivity (abil-
ity to yield a positive result for patients with a food
allergy), but low specificity (ability to yield a negative
result for patients without a food allergy), so results
must be interpreted in the context of the clinical history.
Positive tests alone indicate the presence of allergen
slgE or sensitization and do not always indicate clinical
reactivity.! Furthermore, test results do not reliably cor-
relate with the severity of reactions nor do they predict
thresholds (i.e., eliciting dose at OFC).

Although diagnostic cutoffs have been published for
SPT and sIgE values, cutoffs are variable across differ-
ent studies, due to differences in study populations
(e.g., prevalence of allergy, age of included partici-
pants, presence of allergic comorbidities), food aller-
gen, and study design (e.g., inclusion and exclusion
criteria, parameters for offering OFCs).*” For some of
the major food allergens (e.g., milk, egg, peanut), 95%
positive predictive values (PPV) (number of true

positives of all positive values) for clinical reactivity
have been published for SPT and sIgE (Table 2), based
on studies of children seen at tertiary-care referral cen-
ters. Within these populations, results at these cutoffs
indicate a high likelihood of clinical reactivity if the
allergen is ingested, so many patients with these test
results would not choose to undergo OFC. However,
PPV is influenced by disease prevalence within a pop-
ulation, so interpreting test results against published
PPVs must be done with caution if the patient popula-
tion of a practice is different from the studied popula-
tion. Moreover, OFCs may still be an important
diagnostic tool despite high SPT or sIgE test results,
especially if there are compelling reasons based on the
clinical history or other patient factors. Even at test
results reported to have a high PPV, clinical tolerance
has been demonstrated for some patients by OFCs,
which further supports the importance of clinical his-
tory and OFCs in the diagnosis of food allergy.®® At
levels < 95% PPV, OFC is often needed to determine
whether allergy exists. OFCs can be performed safely
and should be highly considered to establish a definitive
diagnosis given the impacts of carrying a good allergy
diagnosis and to provide relevant information for fami-
lies who are deciding whether to commit to time and
resource-intensive treatment, such as OIT. Of note, 95%
PPV levels have not been published for every allergen,
such as soy and wheat,* so OFCs play an key role in
assessing clinical reactivity for many food allergies.

COMPONENT-RESOLVED DIAGNOSIS

Different proteins that comprise many of the major
foods involved in IgE-mediated allergy have been char-
acterized, and component-resolved diagnosis (CRD)
entails measuring sIgE against specific proteins. CRD is
commercially available for several allergens, but pub-
lished cutoff levels and PPVs vary widely across studies,
due to issues similar to studies of sIgE to whole-food
extracts (e.g., differences in prevalence of allergy across
study populations).'***

The role of component testing in a food allergy diag-
nosis is most extensively studied for peanut and

Table 2 Published PPVs from specific studies for clinical reactivity to the major food allergens

sIgE 95% PPV

SPT 95% PPV3!

Milk Milk IgE: 15 kU /L (5 kU /L if <2 glears)4’32 8 mm (6 mm if <2 years)
Baked milk Casein IgE: 20.2 kU, /L (69% PPV)? —
Egg Egg IgE: 7 kUA/L (2kU4 /L if <2 years)4’34 7 mm (5 mm if <2 years)
Baked egg Ovomucoid IgE: 50 kU, /L (>90% PPV)*? —
Peanut Peanut IgE: 14 kU s/ L 8 mm (4 mm if < 2 years)
Soy Soy IgE: 65 kU /L (86% PPV)* —
Wheat Wheat IgE: 100 kU, /L (100% PPV)* —

PPV = Positive predictive value; sIgE = specific immunoglobulin E; SPT = skin-prick test.
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hazelnut. These nuts have proteins homologous to a
birch pollen allergen (Bet v 1) that can result in a posi-
tive sIgE testing result to peanut and hazelnut in
patients who have birch tree pollen allergy, yet they
may not have reactions if these foods are eaten. The
birch pollen homologous proteins are Ara h 8 (peanut)
and Cor a 1 (hazelnut), and component testing to these
proteins, along with other peanut and hazelnut pro-
teins can provide important insights to guide manage-
ment. For example, if there is isolated sensitization to
these Bet v 1-homologues in a individual with pollen
allergy, then the patient is likely not at high risk for
anaphylaxis after ingestion of these nuts. However, if
testing demonstrates a high quantity of sIgE directed
at the major allergens in peanut or hazelnut, counsel-
ing on allergen avoidance and management of acute
allergic reactions in the event of accidental ingestion
would be important.

Among the peanut component proteins, sIgE to
Ara h 2 has been identified as the best predictor
for allergy. The 2020 practice parameter'” on peanut
allergy diagnosis used Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE)
methodology and determined that sIgE to Ara h 2 has
the best diagnostic accuracy based on optimal positive
and negative likelihood ratios (positive likelihood
ratio = sensitivity /(1 — specificity), how much a positive
test increases the probability of allergy; negative
likelihood ratio = (1 — sensitivity)/specificity, how
much a negative test decreases the probability of
allergy) (certainty of evidence for the recommenda-
tion: low certainty evidence). Although this test has
high specificity, compared with SPT and sIgE to whole
peanut extract, Ara h 2 IgE testing has lower sensitivity.
There was insufficient evidence to support the use of
Ara h 2 IgE to predict future reaction severity when
used as a continuous variable, and analysis of specific
cutoff levels of 2 and 50 kU /L for sIgE to Ara h 2 had
low sensitivity and specificity (i.e., Ara h 2 sIgE at 2
kU/L has sensitivity of 0.78 and specificity of 0.45).

With regard to tree nuts, Cor a 9 and 14 are the major
hazelnut allergens associated with clinical reactivity.
Studies have assessed the diagnostic utility of CRD for
hazelnut components, and systematic reviews and
meta-analyses note that both Cor a 9 and 14 are good
discriminators of hazelnut OFC outcomes, with Cor a
14 slightly out-performing Cor a 9."*'* Cutoff levels
were examined in a meta-analysis of eight studies; Cor
a 14 sIgE of 0.35 kU, /L and Cor a 9 sIgE of 1.0 kUA /L
had the highest diagnostic accuracy.'® Another system-
atic review found that there was no clear consensus
across studies for the optimal cutoff for component
testing in diagnosing hazelnut allergy.'* Component
testing for other tree nuts is less studied; IgE to Ana o
3 and IgE to Jug r 1 have been identified as having a
high diagnostic value for cashew and walnut allergy,

respectively, but cutoff levels have not been establi-
shed.'"*

Component testing has been explored for milk and
egg allergy (Table 2), particularly for determining sta-
tus of baked milk or baked egg tolerance because this
can have important implications for expanding a
patient’s diet and improving quality of life. The pres-
ence of IgE to casein (Bos d 8), the major milk allergen,
is associated with a more persistent allergy phenotype,
including higher severity of reactions. However, the
diagnostic utility of casein IgE in determining baked
milk tolerance is unclear. Similarly, conflicting data
exist with regard to the utility of IgE testing to ovomu-
coid (Gal d 1), the dominant egg allergen, in predicting
baked egg tolerance. Some studies report that IgE test-
ing to ovomucoid outperformed egg white SPT and
whole egg sIgE,'” but these findings were not repli-
cated in other studies.'® Differences in study designs
likely contribute to these conflicting results for milk
and egg component testing.

NEWER TESTS

Epitope Analysis

IgE antibodies are targeted to specific parts of aller-
gen proteins, and epitope assays allow for more
detailed profiling of IgE binding. Peptide microarray
was an early form of epitope analysis, and these stud-
ies found correlations between IgE binding affinity
and epitope diversity with severity and persistence of
milk allergy'”'® and with symptom severity and elicit-
ing dose in OFCs to peanut.'” The new bead-based epi-
tope assay (BBEA) assesses IgE and IgG4 binding to >
90 sequential epitopes. BBEA for peanut has high sen-
sitivity (92%), specificity (94%), PPV (91%), and nega-
tive predictive value (95%), with higher diagnostic
accuracy compared with peanut SPT, sIgE, and compo-
nent testing in validation studies when using the
Consortium of Food Allergy Research (CoFAR2) and
Peanut Oral Immunotherapy Study: Safety, Efficacy
and Discovery (POISED) cohorts.?® In addition, BBEA
has high accuracy in predicting thresholds at peanut
food challenge (cumulative tolerated dose).?! Work is
on-going to evaluate BBEA for the diagnosis of food
allergies as well for exploring BBEA as a biomarker for
monitoring immunotherapy response.”> >

Basophil and Mast Activation Tests

The basophil activation test (BAT) and mast cell acti-
vation test (MAT) are cellular tests that hold promise
for food allergy diagnostics. The BAT is a functional in
vitro test that measures basophil surface activation
markers after stimulation by an allergen (either whole
allergen extracts or individual allergen components).
Although BAT has high specificity, sensitivity, PPV,
and negative predictive valve,”?® and may predict
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reaction severity and threshold in the studied popula-
tions,””*® the requirement for sample processing
within 24 hours of the blood draw makes it difficult to
incorporate into routine use. In addition, there is a 10—
15% nonresponder rate (basophils do not respond to
stimulation despite expressing normal density of IgE
on the cell surface and upregulate CD63 in response to
an IgE-independent stimulus), which is an important
limitation for clinical use.*

MAT can use stored serum and plasma samples to
sensitize mast cells and has high specificity and PPV
for peanut allergy similar to BAT.”” However, MAT
has lower sensitivity and negative predictive value;
further studies are needed to determine the clinical
utility of MAT for food allergy.

CONCLUSION

OFC is an essential tool in food allergy diagnosis,
but pursuing this time- and resource-intensive proce-
dure requires careful patient selection. The medical
history as well as patient and family factors are impor-
tant factors to consider when making the decision to
undergo an OFC. SPT and sIgE (whole allergen and
components) provide additional information, but
results do not always correlate with clinical reactivity,
and these tests do not provide insights into thresh-
olds or reaction severity. Newer tests seem to have
improved diagnostic accuracy and may help reduce
the need for OFCs; further standardization and vali-
dation would support adoption of these tests into
routine clinical practice and establish their role in
the diagnostic workup for food allergy.

REFERENCES

1. Boyce JA, Assa’ad A, Burks AW, et al. Guidelines for the diag-
nosis and management of food allergy in the United States:
summary of the NIAID-sponsored Expert Panel Report. ]
Allergy Clin Immunol. 2010; 126:1105-1118.

2. Assa’ad A. Oral food challenges. ] Food Allergy. 2020; 2:31-34.

3. Bird JA, Leonard S, Groetch M, et al. Conducting an oral food
challenge: an update to the 2009 Adverse Reactions to Foods
Committee Work Group Report. ] Allergy Clin Immunol Pract.
2020; 8:75-90.e17.

4. Sampson HA. Utility of food-specific IgE concentrations in pre-
dicting symptomatic food allergy. ] Allergy Clin Immunol.
2001; 107:891-896.

5. Peters RL, Allen KJ, Dharmage SC, et al. Natural history of pea-
nut allergy and predictors of resolution in the first 4 years of
life: a population-based assessment. | Allergy Clin Immunol.
2015; 135:1257-1266.e1-e2.

6. Peters RL, Allen K], Dharmage SC, et al. Skin prick test
responses and allergen-specific IgE levels as predictors of pea-
nut, egg, and sesame allergy in infants. ] Allergy Clin Immunol.
2013; 132:874-880.

7. Roberts G, Lack G. Diagnosing peanut allergy with skin
prick and specific IgE testing. ] Allergy Clin Immunol. 2005;
115:1291-1296.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Beyer K, Grabenhenrich L, Hartl M, et al. Predictive values of
component-specific IgE for the outcome of peanut and hazelnut
food challenges in children. Allergy. 2015; 70:90-98.

Nicolaou N, Poorafshar M, Murray C, et al. Allergy or tolerance
in children sensitized to peanut: prevalence and differentiation
using component-resolved diagnostics. ] Allergy Clin Immunol.
2010; 125:191-197.e1-e13.

Flores Kim J, McCleary N, Nwaru BI, et al. Diagnostic accuracy,
risk assessment, and cost-effectiveness of component-resolved
diagnostics for food allergy: a systematic review. Allergy. 2018;
73:1609-1621.

Foong R-X, Dantzer JA, Wood RA, et al. Improving diagnostic
accuracy in food allergy. J Allergy Clin Immunol Pract. 2021;
9:71-80.

Greenhawt M, Shaker M, Wang ], et al. Peanut allergy diagno-
sis: a 2020 practice parameter update, systematic review, and
GRADE analysis. ] Allergy Clin Immunol. 2020; 146:1302-1334.
Nilsson C, Berthold M, Mascialino B, et al. Allergen compo-
nents in diagnosing childhood hazelnut allergy: systematic lit-
erature review and meta-analysis. Pediatr Allergy Immunol.
2020; 31:186-196.

Brettig T, Dang T, McWilliam V, et al. The accuracy of diagnos-
tic testing in determining tree nut allergy: a systematic review. |
Allergy Clin Immunol Pract. 2021; 9:2028-2049.e2.

Lemon-Mule H, Sampson HA, Sicherer SH, et al. Immunologic
changes in children with egg allergy ingesting extensively
heated egg. ] Allergy Clin Immunol. 2008; 122:977-983.e1.
Bartnikas LM, Sheehan W], Larabee KS, et al. Ovomucoid is not
superior to egg white testing in predicting tolerance to baked
egg. ] Allergy Clin Immunol Pract. 2013; 1:354-360.

Wang ], Lin ], Bardina L, et al. Correlation of IgE/IgG4 milk
epitopes and affinity of milk-specific IgE antibodies with differ-
ent phenotypes of clinical milk allergy. J Allergy Clin Immunol.
2010; 125:695-702.e1-702.e6.

Caubet JC, Lin J, Ahrens B, et al. Natural tolerance development
in cow’s milk allergic children: IgE and IgG4 epitope binding.
Allergy. 2017; 72:1677-1685.

Flinterman AE, Knol EF, Lencer DA, et al. Peanut epitopes for
IgE and IgG4 in peanut-sensitized children in relation to se-
verity of peanut allergy. ] Allergy Clin Immunol. 2008; 121:
737-743.e10.

Suarez-Farinas M, Suprun M, Kearney P, et al. Accurate and re-
producible diagnosis of peanut allergy using epitope mapping.
Allergy. 2021; 76:3789-3797.

Suprun M, Kearney P, Hayward C, et al. Predicting probability
of tolerating discrete amounts of peanut protein in allergic chil-
dren using epitope-specific IgE antibody profiling. Allergy.
2022; 77:3061-3069.

Suprun M, Sicherer SH, Wood RA, et al. Mapping sequential
IgE-binding epitopes on major and minor egg allergens. Int
Arch Allergy Immunol. 2022; 183:249-261.

Grinek S, Suprun M, Raghunathan R, et al. Epitope-specific IgE
at 1 year of age can predict peanut allergy status at 5 years. Int
Arch Allergy Immunol. 2023; 184:273-278.

Suarez-Farinas M, Suprun M, Chang HL, et al. Predicting devel-
opment of sustained unresponsiveness to milk oral immuno-
therapy using epitope-specific antibody binding profiles. ]
Allergy Clin Immunol. 2019; 143:1038-1046.

Santos AF, Douiri A, Becares N, et al. Basophil activation test
discriminates between allergy and tolerance in peanut-sensi-
tized children. ] Allergy Clin Immunol. 2014; 134:645-652.
Ruinemans-Koerts J, Schmidt-Hieltjes Y, Jansen A, et al. The
basophil activation test reduces the need for a food challenge
test in children suspected of IgE-mediated cow’s milk allergy.
Clin Exp Allergy. 2019; 49:350-356.

Santos AF, Du Toit G, Douiri A, et al. Distinct parameters of the
basophil activation test reflect the severity and threshold of

J Food Allergy (USA) 5:2 JFoodAllergy.com 2023 41


www.JFoodAllergy.com

28.

29.

30.

31

42

allergic reactions to peanut. J Allergy Clin Immunol. 2015;
135:179-186.

Santos AF, Du Toit G, O'Rourke C, et al. Biomarkers of severity
and threshold of allergic reactions during oral peanut chal-
lenges. ] Allergy Clin Immunol. 2020; 146:344-355.

Santos AF, Alpan O, Hoffmann H-J. Basophil activation test:
mechanisms and considerations for use in clinical trials and
clinical practice. Allergy. 2021; 76:2420-2432.

Santos AF, Couto-Francisco N, Becares N, et al. A novel human
mast cell activation test for peanut allergy. ] Allergy Clin
Immunol. 2018; 142:689-691.€9.

Sporik R, Hill DJ, Hosking CS. Specificity of allergen skin
testing in predicting positive open food challenges to milk,

32.

33.

34.

egg and peanut in children. Clin Exp Allergy. 2000; 30:1540—
1546.

Garcia-Ara C, Boyano-Martinez T, Diaz-Pena JM, et al. Specific
IgE levels in the diagnosis of immediate hypersensitivity to
cows’ milk protein in the infant. ] Allergy Clin Immunol. 2001;
107:185-190.

Caubet ]-C, Nowak-Wegrzyn A, Moshier E, et al. Utility of
casein-specific IgE levels in predicting reactivity to baked milk.
J Allergy Clin Immunol. 2013; 131:222-224.e1-e4.
Boyano-Martinez T, Garcia-Ara C, Diaz-Pena JM, et al
Prediction of tolerance on the basis of quantification of egg
white-specific IgE antibodies in children with egg allergy. ]
Allergy Clin Immunol. 2002; 110:304-309.

J Food Allergy (USA) 5:2 JFoodAllergy.com 2023


www.JFoodAllergy.com

